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Abstract
The soil samples from Romplumb Baia Mare area were analysed for pedological properties. The tests revealed
that the soil from analysed area contains high amounts of Mn, Cu, Zn, Cd and Pb. In situ bio-leaching technique applied
to this soil samples highlights high treatment efficiencies: Mn 89 %, Pb 56 – 82 %, Zn 82 % and Cu 72 %.
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1.Introduction
Mining was the main activity professed in
Baia Mare area many centuries in a row resulted in
extended soil polluted areas, having negative effects
on the environment and an increased risk for human
health. About 30000 ha, representing about 4.7 %
from the area of the Maramureş County, contain
high amounts of heavy metals being polluted [12,
13].  The Romplumb Baia Mare area is recognised
as being one of the most polluted areas from
Romania and even from Europe, being excessive
polluted with heavy metals [2, 3]. These quantities
of the heavy metals in soil have ecological
implication not only due to the toxicity of heavy
metals and their compounds, but also through the
chemical bond which influences the soil reaction.
Metals, through their chemical and physical
properties, are elements with very low degrade rates,
which migrate easily in all environmental factors
through repetitive transformations.
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The metals presented in soil inhibit the
growth of plants and affect negatively the
assimilation of nitrogen by microorganisms [7].
The results obtained by J.F. Blais and
collaborators (1993) have revealed the fact that
metals’ bio-leaching is possible through the growth
of Thibaccilus, efficiencies obtained were as
follows: Cu 69 – 92 %; Pb 10 – 54 % and Zn 88 –
97 [4].
As notable examples for bio-leaching
treatment of polluted soils by heavy metals, can be
mentioned the ones presented by White et. al.
(1998) and Kumar et. al. (2009). These scientific
papers highlight the fact that the bio-leaching
method used for heavy metals as Cd, Cr, Cu and Zn
is efficient in soil treatment [5, 8].
2.Material and Method
Two natural soil assays sampled, at different
depths, from the yard of Romplumb Baia Mare, near
the entrance number 1 (fig. 1): 0 – 10 cm (sample
A1) and 10 – 20 cm (sample A2). Soil sampling
followed the methodology provided by STAS
7184/1-84.
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a)
sample A1
sample A2
b)
Figure 1. Soil sampling:
a) Location of the sampling point [9]; b) soil samples.
In the first stage, the soil samples were
analysed from the physical and chemical point of
view by National Research and Development
Institute for Soil Science Agro-Chemistry and
Environment – Bucharest. After that, the soil
samples were analysed by inductively coupled
plasma atomic emission spectroscopy (ICP-AES)
for the determination of the initial amount of metals
in soil (Mn, Cu, Zn, Cd and Pb). In the second stage
of research, were performed investigations on the in
situ bio-leaching of heavy metals from contaminated
soils, using Thiobacillus ferrooxidans type
microorganisms. These microorganisms have being
selected from the sampling area of soil assays (Baia
Mare) and have being grown on a 9K type nutrient
medium under controlled temperature (29 °C) and a
pH between 2.5 and 3.0, after Silverman and
Lundgren [7]. The soil assays sampled in natural
state were place above of a drainage layer,
depending on the sampling depth in order to
reconstruct the soil profile. The bio-leaching
solution, (9K medium), was added over this polluted
soil, and after 16 weeks soil assays, were sample
and analysed for the concentration of metals after
the in situ bioleaching process (fig. 2).
3.Results and Discussions
3.1. Physical and chemical properties
Sample A1 presents a loam-sandy texture
(LN), and the sample A2 is a sand clay soil (UM).
This can be observed also from the frequency
polygon (fig. 3), the granulometric curve of
distribution respectively (fig. 4) [1].
3.2.Concentration of metals
Zinc is one of the most outspread metals in
nature, in Earth’s crust, a common metal, which
appears naturally in small quantities [10].
The pollution with copper affects the physical
and chemical properties of soil, because the polluted
soils have fewer aggregates and low water stability.
A higher concentration of copper in soil generates
high amount of humus mobile fraction, changing its
composition. Copper represents the element with
noticeable toxicity for the majority of plants, in
concentrations over 200 mg/kg [10].
Cadmium a heavy metal present in soils, the
normal concentrations are above 1 mg/kg. It is not
necessary for life, heaving a 2 – 20 times higher
toxicity in regard to other heavy metals [10].
Figure 2.Image of soil samples
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The soil samples taken from Romplumb, were
tested for heavy metals pollution degree.
The concentration of heavy metals presented
in soil samples revealed that soils from the analysed
area are pollute by heavy metals (Mn, Cu, Zn, Cd
and Pb), in different degrees, requiring soil
treatment. During 16 weeks, these soils samples
were under bio-leaching treatment. After this time
interval had passed, soil samples taken were
analysed for the concentration of metals.
In figure 5 and in figure 6, is presented the
comparison of the concentration of metals in soil
before and after the experiment:
 The initial concentration of metal
presented in soil;
 The content of metals from soil after 16
weeks of in situ bio-leaching treatment.
The pH values, humus and the nutrient
content are identical for both samples (table 1).
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Figure 3. Frequency polygon
Figure 4. Granulometric curve of a distribution
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Table 1. The physical and chemical properties of the soil samples [1].
Depth (cm)
Characteristics 0 – 10 10 – 20
Structure (dimensionless) LN UM
pH (units of pH) 7.35 7.59
Humus (%) 1.72 1.65
Humidity (%) 31.06 23.30
C org (%) 1,00 0,95
Nt (%) 0,113 0,108
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Figure 5. Content of metals - sample A1
The metals content of soil
 10-20 cm cm depth
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Figure 6. Content of metals - sample A 2
The efficiency of the in situ bio-leaching
treatment was determined for each element using the
below formula [6]:
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In which:  is the efficiency, in %;
fC – the content of metal in soil sample at
the end of the treatment time, in mg/kg;
iC – the initial concentration of metal in
soil sample, in mg/kg.
For sample A1 (0 – 10 cm depth) very high
efficiency was obtained in case of Mn (89%), high
efficiency for Pb extraction (56 %) respectively. In case
of sample A2 (10 – 20 cm depth), higher extraction
efficiencies were obtained for Pb and Zn (82 %).
4.Conclusions
The analysed performed for the identification
of natural state of soils from Romplumb Baia Mare
area, revealed that the studied area is polluted with
heavy metals (Mn, Cu, Zn, Cd and Pb), requiring
some complex treatment methods. There are no
significant differences between the extraction
efficiencies depenging on the sampling depth of
soil, the bio-leaching solution can be applied both
for the surface and for soil from depth. The results
obtained highlighted that the bio-leaching of metals
depends on the growth of Thiobaccilus type
bacteria, the extraction efficiencies are obtained, as
follows: Mn 89 %, Pb 56 – 82 %, Zn 82 % and Cu
72 %. The experiments performed revealed that
these soils require treatment being possible by in
situ bio-leaching, a biological treatment methods
which involves microorganisms favourable for the
solubilisation and extraction of metals from polluted
soils. Bio-leaching is a treatment method which
allows the biological extraction of aimed inorganic
pollutants, initially presented in insoluble forms, and
if it is applied in controllable conditions may the
innovative solution for the treatment of polluted
soils with heavy metals from metallurgical
activities.
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